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1. Introduction

The use of product platforms has been acknowledge as a strategic enabler for mass customisation. There
are many examples of successful implementation of a platform strategy based on a modular product
architecture among OEMs. However, the adoption of such a strategy does not seem to be very common
among sub-suppliers working in an ETO-oriented business environment where individual solutions are
developed for each customer. The specific solution can be based on shared concepts, however, these
concepts are more or less implicit and include other means than pre-defined modules. The development
projects are executed in close collaboration with the customers. They can run for years and changes in
the requirement-specification are frequently faced. Even though one specific solution is developed, the
final production quantity is determined by the need of the customer. For companies working in such an
ETO business model there is a need of another kind of platform model that supports customisation and
easy adaptation to fluctuating requirements during the course of a development project [André et al.
2014]. This can be achieved by acknowledging change as a normal condition and developing means to
efficiently re-design and assess the impact of changes by adopting a set-based concurrent engineering
approach in product development (PD). Set-based concurrent engineering is based on the development
of many solutions or a design space for each domain [Ward et al. 1995], [Sobek et al. 1999]. The
intersection of the domains is a feasible set and as the requirement specification evolves and individual
requirements change, different feasible sets will be valid. In addition, the negative effects of a change
can be assessed and discussed with the customer for agreement on future action. The principle seems
promising, but how this could be realised is not, however, evident.

For sub-suppliers it becomes more and more important to proactively develop new technology to be a
competitive partner in joint development initiatives. In some cases, the sub-supplier takes full
responsibility for creating a solution for a sub-system in accordance to the functional needs defined by
the OEM. The OEM expects to be presented with new and better solutions than existing that will give
them a competitive edge. The sub-supplier can, by the development of new technology, stay ahead of
the competitors by marketing activities and gain economy by scale using the technology in different
solutions for different customers. Technology development (TD) and PD are both essential for the long
term prosperity of companies within the manufacturing industry. Separation of the two has a positive
effect on individual process efficiency but at the same time creates an integration issue [Nobelius 2002].
New technology can come in many forms, as described by Hogman [2011]; it can be anything from
“knowledge, skills and artefacts” with the intention to facilitate product development.
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This paper presents the assessment of a method to automate Finite Element Analysis (FEA). The method
has been tested at a case-company to support the transfer between TD and PD with respect to new
product-artefacts in the form of CAD-models. The models are defined and used by the FEA-specialists
in TD and the transfer of the ability to perform simulations to PD is then accomplished by enriching the
models with additional information for their use in PD. This tool will act as one means that facilitates
the company to adopt a set-based concurrent engineering approach. Effects of which hopefully increases
safety of the product and at the same time reduces the total lead-time within the PD phase. It was
developed at a company specialised in car roof racks and assessed with respect to its industrial need,
scientific novelty, and further work required.

2. Research method

The overall research approach used in this work is based on the one suggested by Blessing and
Chakrabarti [2009]. The work is part of a three-year long research project, called ChaSE (Challenge
Fluctuating and Conflicting Requirements by Set-Based Engineering), in close collaboration with four
companies where joint case-studie activities are combined. Its main objective is “A novel method to
develop and describe adaptive technology solutions with an ability to manage changing and conflicting
requirements in the development of customised products.” The project deploys a spiral model, where
theoretical and practical insights drive methods and models development. This work reports the findings
and the development of a support that will enable one of the case-companies to manage changes in
requirements and geometrical interfaces. This corresponds to the work package Industrial application
part 2 (Figure 1) where prescriptive methods are implemented in demonstrators including improvements
of the principle methods as well as the assessment of their applicability and efficiency.

C4

C1 C2 C3
A BN Aa aa

Industrial needs and research questions
Descriptive study and success criteria
Industrial applications part 1
Formulation of tentative framework
Industrial applications part 2

Evaluation and revision

Industrial applications part 3

Evaluation and generalization

Figure 1. Research method

This was established by:

e Exploring the proposed system and spending time at the company (once a week over a period
of two months) to get a detailed and practical understanding of the reasons for its purpose and
current state.

e Conduct a literature research aiming at getting an understanding of similar systems already
presented.

e Conduct a survey to probe the industrial need.

The literature research was focused on the current automation systems involved with FEA. To find
related literature the Scopus database was used to search for the following key words: automation, finite
element analysis, FEA, CAD, knowledge based engineering, KBE, structured mesh, and technology
transfer. The search resulted in 110 articles which were first screened with respect to the title, followed
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by another screening session of the abstracts. After screening a total of 32 articles were considered
interesting and 16 were available for full-text download. While reading these articles a number of related
documents were also found resulting in 28 articles fully or partially read.

For the survey a sample was selected which represented as many affected areas of the organisation as
possible. The sample finally consisted of employees with titles ranging from directors, project leaders,
chief engineers and computational engineers. The system was presented to the group whilst encouraging
comments, hoping to trigger discussions, as well as using questionnaires for individual feedback. The
results are presented below (sections 3-5) and discussed in section 6 along conclusions drawn.

3. Related work

There are a number of similar systems presented in the literature. Research within especially the field
of Knowledge Based Engineering (KBE) have come up with similar script and feature based systems as
presented here. La Rocca and Van Tooren [2007] presents a KBE system where the FE-modelling
system main-frame is a python application, detailed in [Nawijn et al. 2006] called PYCOCO. Instead of
an entire template pre-processing script, which is used in the proposed system, there is a core library
generating the pre-processing commands directly via a “pseudo-socket” file, function by function. Also
the models are generated with high level primitives which are represented in XML files, capable of
representing geometry along with properties and rules. The added information can be used to e.g. solve
mesh segmentation issues.

Johansson [2008] presents a KBE system for manufacturability analysis using knowledge objects. Much
like the system presented here an object-oriented approach is used.

Haque [2012] also presents a KBE system (Common Computational Model), he emphasises the
importance of using one system main frame capable of performing as many tasks as possible. He claims
it has been successfully implemented using the adaptive modelling language where fully integrated
modelling of both CAD geometry and FE-models are possible. In [Dol$ak and Novak 2011] the authors
are critical to the use of knowledge based systems for fully automating the processes involved with FEA.
They instead present a rule-based system for consulting users through the development of FEA.
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Figure 2. Information loss, adapted from [Nawijn et al. 2006]

It has been pointed out by several authors that the most difficult part with automating FEA is the
preparation of FE-models. One of the major contributors to this is the loss of information when moving
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between the different processes, as depicted nicely by [Nawijn et al. 2006], see Figure 2. The information
loss between the CAD and pre-processor is due to the restrictions in the neutral CAD-file formats used
to transfer the models to the pre-processors. Capturing and storing the otherwise lost information,
necessary to idealise a FE-model, is one of the main differences between the systems found in literature.
Sun et al. [2010] introduced an ontology based approach modelled in the web ontology language (OWL).
Gujarathi and Ma [2011] proposed a so called common data model (CDM) with fully parametrical
modelling. In [Nawijn et al. 2006], a so called FEM-table is presented which is modelled in extensible
mark-up language (XML) files.

One way of eliminating the limitations with neutral CAD-files is by merging the pre-processor into the
CAD-environment. Chiciudean and Cooper [2010] discusses and implements this approach on the
PYCOCO system. Also Chapman and Pinfold [2001] and Haque [2012] integrate the two.

4. Case study

The studied company develops and manufactures products that support an active life style. Some of the
products are transport centred, e.g. roof boxes, and bike carriers. It makes roof racks for cars an
important product for the company which also has been the target for this case study. Both safety and
geometrical requirements are put on the product, since it has to be tightly mounted on the car roof so
that it does not fall off in case of a crash, even if loaded with several bicycles or a heavy roof box. Still
the car body must not be damaged, buckled or scratched, when mounting the rack. These two strict and
contradicting requirements set a very tight design space and it is hence necessary to assess each new
product variant through testing. Since the company policy is to provide roof racks for 95% of all car
models worldwide the testing cost is extensive, which calls for virtual testing. One problem with virtual
testing through FEM-simulations in this particular case is the extremely short project lead-time (some
few weeks from a car entering the market to launching the roof rack production). This is why the
company decided to examine how to automate the virtual testing process, a task that was adopted as this
case study in the ChaSE research project.

The system employing the underlying method which has been developed is shortly described here and
discussed further below. For a more detailed description see [Johansson 2014]. It is an automation task
of established methods and processes which are performed in Solidworks (CAD-software), Ansa (pre-
processor) and LS-Dyna (post-processor). The proposed system main-frame is built as an add-in to
Solidworks with Visual Studios using the Visual Basic (.NET) programming language. Communication
to users is done with a specific feature-name convention and custom macro-features which are translated
to the pre- and post-processors through alteration of template scripts. A neutral CAD-file is then
exported and used by the scripts to realise the Finite Element (FE) model.

An overview of the corresponding processes and information flow can be seen in Figure 3. The
information model used to represent the FE-model can also be seen below, Figure 4. The differences
from a conventional way of working is that the FE-model is defined within the CAD software and
automatically idealised in the pre-processor. To do this the FE-specifics are saved in an object model as
shown in the class-diagram in Figure 4. The idea is that a “Component” is made up of MeshParts and
Definitions. MeshParts represent the features requiring meshing and Definitions the other FE-model
specifics such as contacts, loads, materials etc. Some of the process steps as seen in Figure 3 are now
detailed further.
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Figure 4. Information model (FE-model representation)
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4.1 Define FE-model

As mentioned above, there is a feature-naming convention and custom macro-features used to idealise
the CAD-model as a FE-model, using the information model in Figure 4. The naming can be done both
manually and partially with the help of an interface in the form of Solidworks own property-managers,
retrieved through a custom command-manager (Figure 5). FE-model definitions, such as contacts,
materials, loads etc. are stored in the macro-features, also retrieved through the custom command
manager with associated property-manager.
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Figure 5. Solidworks environment (Property and Command Manager)

FE-models are concerned with a different agenda, for this reason modification of the CAD-models is
usually required. Removing small radii and aesthetic features or adding points and axes to enable
efficient and trustworthy FEA with for example structured meshes. This can be done by creating new
features, constrained to the base geometry, and naming or associating these with macro-features
accordingly. An example can be seen below. In addition to meshing characterisation as seen below also
load cases and component interactions can be addressed in the same manner. Since the features are
stored in the CAD-files they will be checked into the PDM-system ready to be used in any assembly to
generate FE-models.
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Figure 6. Solving CAD-model modification issues

4.2 Create information model

Once the model has been defined the user can elect to create the FE-model. The add-in searches through
the feature-tree and saves instances of the corresponding Information model classes (Figure 4)
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depending on the names and infromation in the macro-features. All features which are not recognised
are suppressed leaving only the FE-model specific features.

4.3 Create Ansa-script and Export neutral CAD-file
With all the MeshParts and Definitions retrieved a neutral representation of the remaining geometry can
be exported and customised scripts created with the Ansa templates. The Ansa templates require:

e A material data file.
Neutral CAD-file.

e Separate meshing parameter and quality specifications for shell and volume meshes.

e Paths for process log-file and final FE-model output (keyword-file).
The template Ansa scripts are tagged with specific names so the main-frame can input the corresponding
information at the right position. Events which are required for each instance of a class are also enabled
with specific names. In other words, looping is enabled.

4.4 Limitations

The major ones are:
e Feature names are lost when exporting the neutral cad files. This causes issues when for example
parts have the same names which can cause rotational meshes to rotate around the wrong axis.
e Only material and revolute joint (constraint) definitions have been fully implemented.
e Needs to be a one-component subassembly.
e Only one mesh-part per component, i.e. cannot split components into several different meshes.

5. Results

Results from the presentation triggered several discussions. First of all the possible difficulties defining
a final mesh within the CAD software was discussed. Usually the engineer spends hours removing fillets
and entire sections of parts. Some refining before running the FE-analysis might therefore be necessary.
This led to discussions regarding hybrid systems with respect to automatically meshing some parts and
others manually. Also the possibility of pre-meshing some parts was brought up. Secondly the issues
with surface contact was discussed, increasing the significance of solid meshes especially for the implicit
solvers.

As for the questionnaire results, they have been translated from Swedish to English and are partially
shown in Table 1. To summarise, all participants saw a potential use for the system at the company.
Positive comments with respect to the potential time and safety improvements were given. One went so
far as to say it was a requirement to be able to meet the deadlines in the future. However a big scepticism
was emphasised on the lack of detailed information regarding the implementation and maintenance
required. As well as risks related to losing control by putting too much trust in the system.

Most participants saw the responsibilities for the CAD-models to fully lie with the designers themselves,
FE-models with the simulation-engineers and the connecting subsystem with the researchers.

Potential drawbacks given were; the amount of time required to formalise the methods to automation
standards, loss of control with respect to quality of results, maintenance and development might require
large amount of time.

Further work suggestions involved starting to run the simulations because that is when issues appear,
improve user-friendliness when defining the FE-models and provide proper instructions, have periodic
follow ups between researchers and company personal and finally a warning not to underestimate the
complexity.

Table 1. Questionnaire results

Questions Answers
What do you think about “Good: with connections between Solidworks and Ansa. (In the future *case-
the system as a whole? company* is required to internally start working with method development at a
whole new level.” “Looks very promising” “Good. Gives more security to
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upcoming solutions/kit.” “Exciting, automation can increase the availability and
amount of simulations” “Good”

Do you see any potential
use of such a system at
your company?

“Yes” “Yes. I see a potential to reassure the development of new kits with crash-
simulations of each unique solution.” “Yes, for kit development. We always have
an uncertainty when new kits are developed. Do not know if they are safe
enough” “Big potential! Our roof-rack systems with kit-adaptions to each car-
model requires an automated FEA-process. If not: we get resource issues.”

Who do you think should
be responsible for a)
CAD-models, b) FE-

models, and c)
subsystem?

a) “Each CAD-designer takes responsibility that the models are OK with respect
to the simulation requirements” “CAD-modellers + ChaSE (researchers)” “CAD-
designers of roof-racks”

b) “Simulation department” “Simulation department or educated CAD-modellers
who fit the role” “Simulation department in the future, researchers from now and
3 years forward” “Simulation department and ChaSE (researchers)”
¢) “Research group” “Not sure how it looks in the future but researcher as of
now” “Do not know”

What do you see as
potential drawbacks of
the system?

“Method-development takes time! It is however important to further improve the
internal processes to improve the enterprise.” “Can be hard to know whether the
results accurately depict reality” “1) The step between CAD and FEA because of
the big knowledge gap 2) Unfamiliarity to decipher results. Risk that the wrong
settings are used and gives good results which are believed to be true without
critically assessing them.” “Complex system, risks are that we have to put a lot of
time on maintenance and development. Such as when there are software updates.”

What do you think could “Do not know. Have not seen the entire system yet.” “CAD-models need to be
be improved? better prepared in Solidworks for FEA”
Do you think the “Do not know, what are the costs?” “Yes, lose a lot of crash-testing with respect

drawbacks overweigh the
cost associated with
implementation and
maintenance of the
system?

to reference-cars. Not as risky to release bad solutions to the market” “Yes. Can
show the customers to increase understanding” “Yes, from what I know now”

Do you see any areas
which need to be further
investigated?

“Connections between FE-model in Ansa and analysis in LS-Dyna” “Mesh, user-
friendliness information to CAD-modellers.” “Need more details to be able to
specify”

What do you think is the
next step in the project?

“Run the analyses. Its only then that the problems reveal themselves.” “Plan for
continuous meetings between the researchers and company”

Other comments?

“Do not underestimate the results” “Good if everything is integrated within
Solidworks.”

6. Discussion

6.1 Industrial need

It is clear from the presentation and questionnaire session at the case-company that the system presented
here is needed. Being able to assess new CAD-model technologies with respect to structural soundness
automatically, within the product development phase, will enable the exploration of more variations.
This is one way to support a set-based concurrent engineering approach. By automating the FEA
process, the FEA domain is able to handle large sets which in turn enables domains which are dependent
of the FEA domain to do the same.

6.2 Scientific novelty

As presented in the literature research there are several similar systems developed through the years.
The main issue which was brought up was the loss of information between processes. Two such
processes are the CAD-geometry modelling and FE-model idealisation. A neutral representation of the
CAD-model is used for the FE-model idealisationfor which several formats are available in commercial
CAD-software, such as IGES, STEP and parasolid. They are however limited in the amount of
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information which can be stored. All information with respect to especially “how” the model was
conformed is lost [Sun et al. 2010]. Suggestions to solve this issue have been made by several authors,
such as complementing the neutral CAD-file with xml-files [Nawijn et al. 2006]. As Chiciudean and
Cooper [2010] points out however the amount of different scripts and data files required makes the
process complex and hard to maintain. Integrating the pre-processer into the CAD environment does
however point to solving this issue. Successful KBE implementations where integration of CAD and
pre-processors have been implemented presented in the literature research is however restricted to the
large aerospace and automotive industries. These industries differ greatly in the product development
lead-times and overall capital available.

Parametric modelling, introduced by different levels of abstraction above and a part of all KBE systems,
is limited to products where such levels of formalisation are possible, and maybe more importantly in a
feasible time limit. As the case-company is involved with roof-racks which might have a product
development lead-time of 3 years and rather drastic changes, building an entire KBE system is
questionable and ultimately avoided. Another reason not to implement new software has been to benefit
the most from previous knowledge.

Much of the information with respect to how the “tagging” or “publishing” of FE-model idealisation is
done cannot be found. There is no mentioning of benefiting from the feature modelling inside the CAD
environment to communicate the FE-idealisation. Only preparing the CAD-geometry with simple
properties requires complex rules and algorithms to be made. [Johansson 2008] notes for instance the
difficulties of defining rules to create spherical joints with this approach. In the proposed system, FE-
specific CAD-features are made and tagged with pre-processor functions such as rotation, offsetting,
shell-meshing and automatic volume meshing. The FE-features are therefore a part of the CAD-
geometry and constrained to it. Some adaptation might thereby be enabled, keeping its simulation ready
state through the product development phase.

Whether or not the pre-processing will be performed using external software or not, as discussed above,
such a FE-idealisation process will still be required. This is because of the entirely different purpose.
Especially where structured meshes are required.

6.3 Further work

The main issue with the information loss when moving into the pre-processing needs to be handled. The
information model might need to be expanded as to enable a geometrical search in the pre-processor for
such cases where this is needed. Another suggestion might be to expand or alter the neutral CAD-files.

6.4 Conclusions

The proposed system provides a new and innovative way of solving the challenges of automating FEA,
especially within smaller companies where full KBE systems might not be feasible. Moving the FE-
model definitions within the CAD software by expanding the functions available might be possible in
the less time-pressured technology development process enabling automated FEA in the product
development phase for new CAD model technologies. In this way a set-based concurrent engineering
approach is supported. Empirical studies within a company working with roof-rack systems show an
industrial need and positive feedback. Further work is however necessary and issues regarding
knowledge transfer between the CAD and pre-processor is required for a robust system.

This work is a part of an ongoing research project, it is an extension of an already successfully
implemented automation system. Integration of the assessed system here will be tested together with
that system in the year 2016 when an extensive technology transfer step will be launched hopefully
supported by simulation ready CAD-models with the proposed system.
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